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FIFHR AN o T RE S X St T RE 0 LR T 1 BB RGUHT 7L 1 2,7- 3 58 [1) K FFE; - [3,2-b)
A IFMEW; (C8-BTBT) AE KA 5 i Ni(100) b 1168 2% 25+ I 35 8 5 )22 B ) AL DL R IR I AR K 5. R IR
— 2 C8-BTBT Vi &K H 5 Ni KA AR TR B, EE = E o 1 Br A K H 2 00 SR A KA =X
RSP 2 B0 F IO AR, FECEME I RE R GRS — 2 55 R MR MBI R, BB
i R BB R0 R B, S R 4 A I VRS )38 2 k) A i, T R e P 8 o k).
A 3 & B T B AE K C8-BTBT 2 8] H 5 5645 22 T B30 I REGCR RENSR. sRi &l Ram it 3T

Ni fl C8-BTBT K H heas 4 75 Eif N i 2 R nl fe s> C8-BTBT KIZEL.

KRR SRS, 7T HUA, RERE S, AT A

PACS: 79.60.Jv, 68.35.bm, 79.60.—i, 73.20.-t

1 5 7

B ESE2LFRREREN—KAEE
I R B S PR B Th RE A RE, R AF LR UL ok
2 P12 BRI U R 2 T T . T
EER IR SR S e R e 2 RS B S K (A5 NN
Fth. RIS & 2 T &M1&
o A L A HLR e AR BT ARG
REFAE B LA VLI 4R (organic field ef-
fect transistor, OFET) ). OFET{F Jy & % () —
FA LT B F )2 B % R B R 38 10
SHATR B AR 1| A a2 fn A= s 2 113,14 o
1987 4, Koezuka % 1R I8 7 — Fh L T R EW; 1)
OFET, ZJ5 OFET JLH A H/N 11 OFET
133 T R AR R, H T H N 1070—

1075 em? V- Ls & E 18 em? V- ls™t (L%
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#i5 19)), 3T, Nebraska-Lincoln A 2% (f) Yuan % [17]
¥ C8-BTBT(2,7- 3 & [1] 2K Jf W& Wy JF [3,2-b]
I WE Wy ) 1SR OR 0 VR VA AR A+ JRE i 1) 5 8 B
W, LA GER R R4 T 43 cm? Vs
Pl B A 1) KCF, {155 T C8-BTBT i F A
e R FURCOA AT, WU T 0 kT C8-BTBT 1
AL E BE TR . FRATHE [ ey HoK
A= VD7, DABTH AL, 7K A BERh R,
WRIEZHYTIHR R D = pkpT /e fEB RN ET
VIT, p AMBHERE A, kg ABURIE S ZE, T N4
SHEEE, e NHLT R, KMAHF L FERNIER
HRERIRAR, 291073 cm? V- 1s~1 U8 Ik 7 B
e B FEAR K, 41 Ding 25 19 8 38 1 YO 7ok
T RE T 10 7 2 AT B o Bl S v N 3 A
(CuPc) FHYF HK B A4 40 nm. 177 C8-BTBT 1)
TR RN 43 cm? V- Ls~ T ARIE N ELLT /7,

* [E R ERBIEI S (MHES: 51173205, 11334014) I 36 220 E A\ QORI S 3036 4 %5 Bh i i A,
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Fiit C8-BTBT i H e HUK L AE 4—10 pm 2 [A].
[A b, C8-BTBT #4424 Ml E Jié f 1 &5 - 0F 72 A L
13 M P R — A E AR

{H R 2 T4 38 1 1 1 R 52 30 % D e 2 2 1A 7
TP SZ AR K, S THT 1Y) g 2% HE AR 0 B T s i
AR HEE X T ARSI S, BN
PE AR 5 M2 T B ST R A, T
P T B HEAR 5 2O I H - B A T
Xt LT E T e A B P02 — g
AU FEESEST LR TFEILS 5
HE I 2 18] AR FH A0AE WL 9y - 2 180 A ELAR FH I 38 4
KR C8BTBT 4 T [a % 0 #8422 — AN 2K
FEWEWY I [3,2-b] ZKH-HEW) (BTBT) &5 44, P9l AR
iy % be B SCHE (CsHyr—). C8-BTBT 4t Ja i
ZERIINE 1 Fis. C8-BTBT &R KBET7 17 (¢ 7
A]) 43 5 UZIRMERLL), abTH N 4 7 LA FIEHE
5 231X P HEFI AU F IR LK, CuPe MR %
EAT L0 B VT 27 B2 AR, X bk
PuLE T T A HER T SE B TR G E - n
B M R 7 [ A A 129920:2T] G IE R SR BT S A B
SRR TR RN 2 BRI, R X A R
17 R AT 1 1 U AT 4 L B R T A B T T
B R s 281 R BT A WL T A B R A
T Re BT BT HES 7 R 3 7 TR
Her 29 Kk, WF 5T C8-BTBT 4@ LA KTy
X, S REgEE R, UL R A 7 s\ S T R 42 [
6 2, A BT IR 2 BEAA SR T 20 T s i 12,
Xf 4T C8-BTBT #1078 AT B SR 2%
.

1 (MTFIREM) C8-BTBT k&R K

Fig. 1. (color online) Crystal structure of C8-BTBT.

N AT $ C8-BTBT 5 #4 4 J8 Ni(100)
[ FL T, W 98 C8-BTBT £ Ni(100) b i A4+ 75 5.
FHIET ) Re g0t 55 772X, AT e 1A 2 1 BRI B
DA it 5 B 14, 41 B ) kA7 A K BE 2 )
WAL R, 75 ¥ A% T C8-BTBT/Ni(100) & & i)
AHLA Be 7 R B B AR A M E N S %

A 256 oA HUAE B B A ORI e T e 1
(photoelectron spectroscopy, PES) il i /& 7 F A1
HATHEN —EB# &SRS R/ R, &R
WZ2 R [30]. X B ENH: AHDTHREK
Ji& (organic molecular beam evaporation, OMBE,
SHEP < 2 x107°% Pa) Hrifil £ 1) C8-BTBT f# i
AR AL AR NI (P < 2 x 1078 Pa)
AT IR AL Hr. AR H T RE 1 (ultraviolet pho-
toelectron spectroscopy, UPS) 1 X T4 1 fg
Wk (X-ray photoelectron spectroscopy, XPS) 1 A
SIO6 SRR R A I8 9 45°, G TIRAE AL
J7 ), JF R ERRE B A AR AR B ae . P
D e Tl b i T RE BT R A T REE A M AR
PARBER.

4 K C8-BTBT # it 2 i & A1 58 X 3 %
Ni(100) #EAT T AL BE.  7EFF & 2 BT s 9 R R4
BTEERERRROAA. HbTEETE
A0 NI R AN B, R AR T R TR ) RS S,
N T SRR, KRR INFA R 650 °C I IR
30 min, £ 10 h ¥ &A% 55 A H UPS A1 XPS Il
Hrei, M LEED WLE fkg 4 k. 1K 2 HE )
XPS i, B EAUE Nif) &0, REBLC, O%FH I
5 GLUR (PR AE I, 10 BH 20 0 Ab S R I R v 4
. Bl 2ds AT RERE N 125 oV IN1G
FI I Ni(100) % K LEED EI#, M\ LEED K88 F FI
FEJR R THTEMW (1 x 1) S50 LA (0, 1) ¥ . REdl
A LEED IR 1B Ab B et 5 1 256 J 2 v 150 1) 4

C8-BTBT 7> ¥ {E #9110 °C 28 K+
AR = IR AAF T NI(100) 2K _E, HyTRBEEZR
TR 5 PR I T T A R U P AU ) A R TR A
P, ERKEENT A /min (JF R 14 08 B b 10
B EE R R EAAYEE). K1 A Cs
BTBT J, 1 4% [ A% 4 538 N 70 i Jis BEAT J5U 7>
Mr. gksAE K2 A BT 00T, kg B R
ORI A1, 2, 4, 8, 16, 32, 64, 100 A C8-BTBT
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I RE L 4540, C8-BTBT (17 JE A Zhi i 72 Il 52
100 A C8-BTBT [ i) fe 1 Hcdi /5 M i L 8
GuH, £ RN R ) B (atomic force
microscope, AFM) Agilent 5500 AFM/SPM % 4t
FAER, W A5 F ) o e A 2

w
z :
g LEED
g
-
[}
~-
]
=
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1 1 1
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L5 ERE eV

2 (MFE /) 3 ENi(100) i XPS 4 i & Bl &
LEED [£{&

Fig. 2. (color online) XPS of substrate Ni(100). Inset
is LEED image of Ni(100).

3 HRET®

3.1 C8-BTBT/Ni(100) 3 I RE K 25
Bif S P 2 B AR AL

E O, AR S R g4 R S R A
PIRE RS WA B AR, 6 5 JE B 38 nix
W T AE. NI RATR FH UPS B9t T C8-BTBT
() BE 2 25 1) B 5 B ) AR A G &R 183 (a) 9 Ni
JiE B VIR [E R B C8-BTBT i — ¥k B, 7 4 1k 34
(AR A 28, kbl A B R A HEVE A e, H
CLH 78 FF i 19 D) 2R 30 (work function, WF). WF
& H T BN Eyac THX Ep AL E, 7T LUE A WF
= hv(21.22 eV) — Eg T 5 (B & BUEIU K S5 5 5E).
Ni(100) K AL T PKER LA T 16.19 eV
4b, TS Ih R BN 5.03 V. 241 A ff) C8-BTBT i
JE7E 56 5, ThERBRE N 4.57 oV, B IR 1N, 1)
BRBCR TR, 32—64 A B — AR AIRIE. [H
i o] LA 3, Bk MR AR 64 A AN 100 A
I D ek 2 A 4T 3.39 eV

3.39 eV (a)

BEEE /arb. units

100

el
5.90 ">+ LUMO

Ni [ L] 1 1 HOMO

18 17 16 15
ZiatE/ eV

Ni 4 8 32 64
C8-BTBT JEJ/A

K3 C8-BTBT #iEJZE N 0—100 A B (a) #IELAT (b) HOMO #4319 UPS #K; (¢) Evac, HOMO VLK

LUMO (23] [ v fg )5 2 38 A 1)

Fig. 3. UPS spectra of (a) the cut-off region, (b) the HOMO region at C8-BTBT film thickness from 0 to
100 A; (c) the evolution of Eyac, HOMO and LUMO [23] with the film thickness.

XfF C8-BTBT i i i 4l #LIE (highest oc-
cupied molecular obitial, HOMO) £ & thF] F 4N
wEihE. B3 (b) NAEJEE C8-BTBT 1 HOMO
U DL R FE R NI 9 oK 1. /£ C8-BTBT JE & N
1AM, fEFgae12ev 2 AL R
Ni A& B, IX M & C8-BTBT A 2 fif i, H
HAL S HOMO, R B NS 538 8/, AN Ge B i

HOMO WIfL E. 2 A 54 AW, BIfEH AL 15
FIHOMO MEIa i B, f£4 A I REWE B0 B
HOMO &, 7T 9 KAEH LA 1.46 eV b, 8 AT,
HOMO(—1.59 eV) W] & [f] im &5 & e 77 M fm #%. £
64 A I, HOMO(—1.89 eV) #H%: 32 A (—1.59 eV)
A ANMECRT 45 A R RS, 100 A I HOMO
P (—2.40 eV) M KA R WS
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N7 SRS R IR RE R A A AL T L, FRAT]
3 (c) B H HOMO, SR A S HEHE (low-
est unoccupied molecular orbital, LUMO, %{{E kK
PR SCHR [23]) BLK Eyac B C8-BTBT LR (1
TR R, W LLE R, /£ AL 0.43 eV B 51
B 4%, M Nifg R C8-BTBT, M5, A& 451 52 0
R TS, HOMOEO—4 A XA
LA, 7E 48 A B B A R BE, SR
JEAE 8—32 A BRI ANAR, {H I B 35 I I 44k 4 184,
32—64 A Z A/ HOMO i — MK HIEIE. Eyac 1
Ak 5 HOMO F:A A5, 1£32—64 A Z [lthAg —
MR II/D, B BE (ionization energy, IP) 7
A K AR R A T AR, T A I 19 5.90 eV
WA 100 A SRR 5.79 V. BAR BB K, BELh
T B H ok me it sa.

3.2 C8-BTBT/Ni(100) 3 R RE K 254
BEIE R B R E 43 4

— R F, BER S A S5 R AR A LI S B2
T 5] FLAeT e A T AR KT S (AR R P 20 1 R
) AR AL 3 () B A SR A 2R B S, AR (R
TR RAEABASBEHFRR ) SRR RL R 2240, Ik,
TR A I XPS BEAT TCE 7 7 LA AN & 734,
FRBREE B AR T O AR AL R D 2R S, I 4

& AFM SRS AR Ko7 X R R, AT RE
SERRA I SRR,

Kl 4 (a), (b) M (c) AN XPSH C 1s, S 2p3 )0
FINI 2ps o FIRFAEIE FE S [F) LIS 5L RE 1 1 itk
Ve e P 5 B A — Ak, DA B 7 2 MR S 0 ) 0
frE A . ATUAEHAEL—4 A C 1sFIS 2p3)s
2545 RE Ay R FEANAS) fE4—8 A RAERD, I
864 A, BHRENLEF R, BABEEA L
DX TR Ni 2pg o W2 B BA R AEA M. XPS i E
Hi4—8 AZ A C 1sHI'S 2py 0 45 & RE TR AL
K3 UPS¥idEh4 8 A 2 ia# 1k 5 HOMO
FAEKERL. Bl 4864 A Z [0 C 1sF1S 2p3)o I
EREEAHER, 5ZXMHE 3832 A
2 8] 4% 1k 14 5 HOMO [ 45 40 1 5 22 18, {H 2 M
3264 A Z M RAE T —ANECRINARL, B 64 A
WA 100 A, AP ELML. E4HC 1sFIS 2py)
44 Re 5 K 3 kil 5 HOMO #8& 4 T B
B, FRATAT RLRE X 26 f 8 X A2 A R S0y
NPA X AR H 52, B 4—8 A Z A58 5 B b fig
G BE A, DL RECR R BE (3T XPS 3 &
64—100 A 8], %+ UPSMIZM32 A% 64 ALL
J2 100 A) abRELL I B R4, DL K454 XPS
B I P AL DA A2 AFM 1) BB 45 )%
BB iR 2 e AR A SR R AT 3 4

(a) (b)
285.26 eV

C 1s S 2p3/2

A /A
100
N

163.94 eV,

32

284.92 eV, 16
___/\_8
,J\_4
_,A_L
’”/\_V,L

SR /arb. units

SR /arb. units
&
INd
X
B2
[T S

SR /arb. units

164.14 eV (c)

JRIE/A Ni 2py)

10
100 AN s Al b

284.65 eV 163.87
1 1 1 1 1
288 284 280 168 166 164 162 160 860 856 852 848
Zh451E eV Zh5RE/ eV 4ithe/eV

B4 A C8-BTBT #HEEEE I (a) C 1s, (b) S 2p3/2, (c) Ni 2pg /5 HI XPS i
Fig. 4. The XPS peaks of (a) C 1s, (b) S 2p3/2, (c) Ni 2pg/, at different C8-BTBT thicknesses.

321 48 AwteBmEMYH X TILE
5K 3d4-—-8 A 8 HOMO #0238

xR, B4 XPSH C 1si#E4—8 A 2 At —

AN EE RIS L, (H R WE 3G BB A8 4k,

KRERE 48 A BB AR A TR, i

XA AR B REINALAL, FTRE R TR 2

THUA, AR AR H 0 R A T A
PAVHNE, AR T, SR 54
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R IR AR O T F iy =P 3l S CL e -
—BEAN TEREAER, 42 A EAEH
W e RS ) AR AR 5, SR 4 2 A ) OB AR
HAEFBER, T8 R T e IR TR B
TR R B 29331 T R AR K Oy T REIE 2 R
Msess KT, BIZE—ZR N4 8 Ni 5 Cs-
BTBT H 1) w8 AF FH 58, (519 T K8 FAT T3¢
AR, (HZ&MNEE )2, C8-BTBT H 4 1 2 ]
BT b BAE R, 4 T K8y ) T 5
AR, I A 5 o S b i AR K, 8
L, ATCA T MR 48 A b C 1s IS 2py ) MI4E
6 (B 4) X HOMO(K 3) KR4, HER 1T
9T 48 L E W — B EE RS C8-BTBT
ffEs e (5.927 A)Fib (7.880 A) 231 Ty i i) A
M, AT 48 Az E, Htar IylbiE 4 A 5
8 A J§ ¥ 2 i) WF 5 HOMO | 86 2828 4k 1) i A
Z M T TRIA AR, B4 A 2 FTE R 4
TP REL, 1 8 A 2 J5 I Py 41 N B

WRE—E5 TR, BARINETH
FE 4T F FR WY (1S 5 Ni J Jes ] R A 2R AL 27 SO
A Ni g —Fp B SR MEAE MR, 201 F
HF 7075 WH E W) 7F N B 5 3R 1 4] s v i 4 1 199
THH 2 R AE R R SE, T PR T P R PR B A B
AR TRE AR, IR E PRSP
AR M=), AT LKA R C8-BTBT
PRGN LT, S ENi 5 C8-BTBT &
BRA T AR B L 2 AR, X PR 2 5 0
CRER I B R T — 5 MIE A, 75 2T
Wik, Nk, BATOH T XPSEHREH M C TR S S
TCERBEFPRZLSBENXR, LES.

ALES], 04 A XH], C: SAIE11.5
1, @/ NFa TR ate1s5 10 mfES A I, C: S
PeE A — AR, X% 13.5 : 1, Z Ja4keliy
I, EFMEA 15 - 1w DN, X AR T 2K k>
T G 2 386 0 B G, 2 T e 8L (1) 2 B, BT
Wy A o B A 2R R IR B T N SRR 2 b AR
JE R E S, BT FRIEAR, HBMZEAR
SR, A SR AN, A4 A 20,
XPS Hi ot FEARX IR G R 77 R A B . W
8 A L5, M0 7w i —)2)5, C8&-BTBT
R IBE Wy BA G N Bt 5 L RS N 45 ik, AN F A AL AR
SBE, BRI 15 BB B G 3 bLE T T A L.

g b, BATAT LA 4 AR T 55— 24
TR AKX, HRAE T #0504t S W B e B, 1

8 AWK AT 4R 158 R FIIEALAEK. R
R4 A B8 AFIRAE, — T H BT 4L
[e] A2 46 AT DA EL#2 3 B B g . HOMO Lt fiE
PRA, H—Jrm, HTS—E0 T I,
FHEE - EMEE EEMERACE R T
225, WOt 2 SRR A RAR IR A 22—

151

14

12+

11t

0 20 40 60 80 100
C8-BTBT J5EF/A

5 XPStHC, STuERMIE LKA C8-BTBT JE/EH)
Ak it 2%

Fig. 5. The ratio of C/S by the XPS output at different
C8-BTBT film thickness.

322 Ait32 AAbBAM TR
—MAE LR, Bl R RN, f8 e 1B TR
S, H2 M UPS FI XPS i i, #AR A 21X — ik
SN BE AN SR 1T A I IR A A% 5T W B, LA SR
FRUEE TR B, b T W g 1 RAH S BRE 2 N #,
B3 (c) AT, BEANSIZEG 1) XPS P Hh 8 W %% 3] 4
Jo U, ]I T DAHERR 44 o3 B 51 S AN 8. TEH
fof SR AR AT B 1R IR 2 — A2 ST R) () B A e RS, (R
AT LA S (c) B, HF 4 H C8-BTBT I
HOMO 7EA Ni Zi5 il —A~1.46 eV 13422, Rtk n]
DLHE R IX Fh B L Aof 3% F% 2 Ni_E 17 8 C8-BTBT
IR SR AREL. 55— B HE A R
DRI A2 0 F B 2 5 | A H Ay SR AR, HLAg SR AR
LB 2 T A S 2 N R R e
TR, R AE I B R A M2 1T T BORE S Z T I
L far SRR, IXAE 3 BT I 3 A HOMO B0 E e 4%
] NEE B, T IP AR, IEEAE LT, B RN
2SRRI ARTFE. K3 (a) 64 A5100 A
Bi B, BRI IR R 48 HE B2 BT R A B
IR/, BRI ] DA X AN JE A HL A SR AR, 1T L,
— RO, XOB SR B AR S UV Ok
BRAE L LB R AR, Btk XPSH UPS i 2
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FL - PR RS 5 3 R B AR LA DL LI o A AN
7EXPS 5 UPS i I, fn 542 i far BRA T 2
s i, 20 LI e (A B BE B % AN E]. XPS
B C 1s I8 4E 100 A B REZR AT BAREL 4 A i) R
510.61 eV, 1 UPS #1100 A i HOMO /L 4 A
] N #2231 0.94 eV, PRLAT LAHIE A A UPS F1 XPS
AR AT RS ERE A 8, H UPS i fif R
AN R, T3 UPS £ 1 Re 2 1n) T A2 3h UK.
HHATE32—64 A wb BT 0 0 AT RN,
1M XPS HLfaf B AR /N, XPS B4 e N A4
/I, IR 64—100 A 7B 2 H IR HLfar SRR AL

W AR B S 5L R UPS Al XPS i f2 H &
AT rAar SR AR, IR v BE 7 TR O A R
()5 Bk LR 22, DA A T e ik M IS A D 78 [R] Ha 25 1
PFEM T, T2 BT Yuan 25 U7 (0T 70 £ 9, 0
JiE iR A3 1) C8-BTBT #if TiL 8 5w, A
B XA EIER R IALE N C8-BTBT (3R Fa ki 1)
TERL. FRATTSL 58 Hh (1 v A O 78 RIS, —
KU, 28 RIE S e RVEGIAT A AR — 8
(122 5, W RE AR B IE O FhRr 8 I RRAH. I,
BATEE MR 58 B (19 XPS A UPS 2 J5, ol 78 Jis gk
17T AFM B 78, A 22 Re W 5% 21 38 15 (1) B 00 485 1)
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Fig. 6. (color online) Film morphology of C8-BTBT at
100 A. Red curve represents the height of blue straight

line area.
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Fig. 7. Relationship of In({/Iy) of Ni 2p3/, with the
C8-BTBT film thickness.
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Abstract

Combining ultraviolet photoemission spectroscopy, X-ray photoemission spectroscopy (XPS) and atomic force mi-
croscopy (AFM), we perform a systematic investigation on the correlation of energy level alignment, film growth and
molecular orientation of 2,7-dioctyl[1]benzothieno-[3,2-b][1]benzothiophene (C8-BTBT) on Ni(100). The molecules lie
down at the first layer and are partly devulcanized by the substrate. Chemical adsorption of reaction products of sulfur
atoms on the Ni substrate and the evaporation of the hydrocarbon products into vacuum make the C/S ratio as low as
11.5 : 1 in the XPS of the initially deposited C8-BTBT film of 1-4 A thickness, far less than the stoichiometric of 15 :
1. With the thickness increasing from 4 to 8 A, there are sharp downward shifts of Eyac, HOMO and core levels of C
1s, S 2p, and a sharp increase of C/S ratio, which can be ascribed to the change of molecular orientations from lying
down at 4 A to standing up at 8 A. From 8 A onward, the C/S ratio increases steadily till it reaches 15 : 1. The energy
levels show relatively less changes when the thickness increases from 8 to 32 A. When the thickness increases over 32 A,
the energy band starts bending downward apparently because of the charging effect during the photoelectron emission
processes. The poor conductivity along the standing alkyl chain of C8-BTBT is the main cause for the charging. The
standing up configurations of the C8-BTBT molecules are confirmed by the AFM investigation in which the heights of
the upper layers of C8-BTBT are around 30 A, close to the length of the long c-axis. AFM image also indicates that the
molecules tend to grow into islands for larger thickness, which is consistent with the slower decrease of the In(Z/Io) of Ni
2p3/2 with the C8-BTBT film thickness. Our results suggest that a buffer layer be inserted between Ni and C8-BTBT
and the thickness of the C8-BTBT film be controlled as thin as possible in related devices.

Keywords: interface reaction, molecule orientation, band bending, electronic structure
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